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Tuesday, February 10, 2015 349athe water; water structure largely controls interaction of ions with one another
and with the protein. We had previously posited that there must be an oscil-
lating gate including water, which changes structure with ion position (Int’l J.
Molec. Struct., 2012, 13, 1680); newly calculated structures correspond to the
previously hypothetical states. These results also indicate the presence of two
other local minima for the ion, one in the cavity, one at the entrance to the
selectivity filter, where the protein replaces water in solvating the ion. A sin-
gle ion there is sufficiently distant that the gate water cluster returns to its
original form. There is some charge transfer to the ion from unshared electron
pairs on oxygen. Finally, we determine the water cluster structure’s relation
to boundary protein. The water column in the pore is continuous, and energy
barriers for an ion moving up in the pore appear compatible with observed
conductivity in the channel. Thus, interactions between ions are largely
modulated by water structure interacting with protein structure, not simply
electrostatics.
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Calmodulin (CaM) availability regulates neuronal excitability by controlling
the functional density of the potassium voltage-dependent M-current, but the
basis of this fundamental process is not well understood. We have examined
the consequences of varying CaM levels on the main constituents of the M-cur-
rent, which are Kv7.2 and Kv7.3 subunits. We found that CaM increased the
functional density of Kv7.2 channels but not that of Kv7.2/3 or Kv7.3. Similar
effects were also observed with a mutant CaM unable to bind Ca2þ. In agree-
ment with the proposed role in trafficking, CaM augmented the number
of channels at the plasma membrane. To address the involvement of PIP2,
its abundance was transiently reduced by activating Danio rerio voltage-
sensitive phosphatase (Dr-VSP). CaM-dependent Kv7.2 current potentiation
was linked to increased resistance to PIP2 depletion. In contrast, sequestration
of endogenous CaM led to a reduction in the functional current density for the
three Kv7 channel combinations examined (2, 2/3 and 3). These results suggest
that CaM is affecting two mechanisms: one leads to an increase in the number
of channels at the plasma membrane, and the second involves a PIP2-dependent
increase in opening probability
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The IKs current controls action potential duration in the heart, and abnormal
function of this current causes cardiac arrhythmias. The IKs current is carried
by the voltage activated KCNQ1 potassium channel associated with KCNE1
b-subunits. 18 years of study have shown that KCNE1 drastically modulates
every characteristic of KCNQ1, such that it would appear as if KCNQ1 and
KCNQ1þ KCNE1 were completely unrelated channels. However, no
coherent mechanism has been provided that can explain all these drastic
changes, which are essential for the physiological role of IKs. Here we
show that KCNE1 alters the state-dependent interactions (coupling) between
the voltage-sensing and pore-gate domains of KCNQ1 and that this sole
mechanism is sufficient to explain all these changes. Contrary to conventional
belief that the voltage-sensing domain must reach the fully-activated state
before promoting pore-opening, we found that the KCNQ1 channels can
open when the voltage-sensing domain is at intermediate and fully-activated
states. Importantly, the intermediate-open and activated-open channels differ
in voltage-dependence, ion-permeation, pharmacology and dependence on
PIP2, a cofactor for coupling between the voltage-sensing and pore-gate do-
mains. By changing the coupling, KCNE1 prevents the intermediate-open
state and changes the properties of the activated-open state, thereby bringing
about the characteristics of the IKs current. These results indicate that, during
voltage-dependent ion channel gating, every-state of the voltage-sensingdomain along its activation pathway is coupled to the conformation of
the pore domain through a unique set of protein-protein and protein-lipid in-
teractions. These interactions determine both the open-probability and the
open-pore properties.
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Kv7.2 is a main component of the neuronal M-current, whose density de-
pends on the interaction with calmodulin (CaM). Several observations hint
that CaM binding is coupled to Kv7 subunit multimerization, but such
important process is not well-understood. Whereas subunit specific assembly
of Kv7 channels depends on helix D, CaM binds to helices A and B located
60 residues upstream. By studying the consequences of the helix D L609R
mutation found in patients suffering Neonatal Familial Seizures, we confirm
that helix D is crucial for C-terminal multimerization. Surprisingly, disrup-
tion of helix D-dependent C-terminal multimerization by L609R has no ma-
jor consequences for Kv7.2 channel electrophysiological properties. FRET
results suggest that CaM enhances multimerization of the wt C-terminal
domain, but has marginal effects when the helix D mutation is present.
The L609R mutation weakens the interaction with CaM and disrupts
CaM-dependent Kv7.2 potentiation. These results underscore a complex
interconnection between CaM, PIP2 and multimerization on the regulation
of homomeric Kv7.2 channels.
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Statins are among the most commonly prescribed drug classes, and their use is
expected to increase due to recent changes in therapy guidelines. Although
statins have been suggested to shorten QT interval in heart failure patients,
the effect of this drug class on cardiac electrophysiology has been incom-
pletely studied. Here we study the effect of statins on one of the major repo-
larizing currents in the heart, IKs. We show that in response to a known stress
stimulus (sustained alpha-AR stimulation), IKs undergoes clathrin-dependent
internalization. Statin treatment inhibits this internalization. Our results sug-
gest that statin regulates IKs internalization by inhibiting activation of
Rab5, a GTPase involved in endocytic pathway regulation. We observe no
significant effect of statin treatment on unstimulated IKs function and acute
receptor regulation. Our results suggest that statins may prevent pathological
QT prolongation in heart failure patients by inhibiting pathological remodel-
ing and IKs internalization, while maintaining physiological trafficking and
function of the channel.
Platform: Membrane Receptors and Signal
Transduction
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G protein-coupled receptors (GPCRs) function as sensory, synaptic and hor-
mone receptors. Metabotropic glutamate receptors (mGluRs) are dimeric class
C GPCRs that mediate synaptic transmission and plasticity, and serve as drug
targets for Parkinson’s disease, schizophrenia and autism. We developed an
assay based on single molecule Forster resonance energy transfer (smFRET)
to probe the conformational dynamics of full length mammalian group II
mGluRs. Our assay revealed the structural dynamics associated with the ligand
